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Introduction: Bacterial translocation occurs when intestinal mucosa and the intestinal wall lose their
barrier properties against bacteria such as in the case of intestinal obstruction. Enteral nutrition with
immunonutrients strengthens the immune system and thickens the intestinal barrier thus preventing
bacterial translocation.
Aim: The purpose of this study is to investigate the effect of uracil which is an immunonutrient on
bacterial translocation using rats with intestinal obstruction as a model.
Methods: Wistar albino rats were divided into three groups. The control group was fed with standard
chow diet, while the other two groups were fed with uracil-supplemented chow diet. The rats were fed
with these diets for seven days. And the end of the feeding period all groups were submitted intestinal
obstruction and injected with 99mTc labeled Escherichia coli into the rats’ terminal ileum under anes-
thetic. The rats were sacriﬁced 24 h later. Their blood, mesenteric lymph nodes (MLN), liver, spleen, lung
and ileum were removed to determine level of radioactivity.
Results: When compared with the control group it was determined that uracil supplementation reduced
the level of bacterial translocation.
Conclusion: Uracil may be used in the prevention of bacterial translocation in cases of intestinal
obstruction because it strengthens the intestinal barrier and the immune system. However, more studies
are needed to clearly explain the mechanism behind uracil’s beneﬁcial role here.
Crown Copyright  2012 Published by Elsevier Ltd on behalf of Surgical Associates Ltd. All rights
reserved.1. Introduction
Bacterial translocation, meaning the spread of bacteria to other
organs, is a very important issue these days. The reasons for
bacterial translocation are reported to be disruption of mucosal
integrity, reduction in the amount of mucous, intestinal obstruc-
tion, intraluminal degradation in the balance of ﬂora as a result of
the uncontrolled use of broad-spectrum antibiotics, hemorrhagic
shock, nasal injury, mesenteric ischemia, jaundice, penetral nutri-
tion and the weakening of the immune system.1
Normally, the small intestine has fewer bacteria (104/ml).2,3 In
cases of intestinal obstruction there is a rapid increase in the
amount of bacteria (usually Escherichia coli, Streptococcus faecalis,
Klebsiella) (109e1010/ml)4 because the ﬂora changes. Normally it isF.Y. Lambrecht).
012 Published by Elsevier Ltd on bimpossible for normal ﬂora bacteria or pathogenicity bacteria to
cross the intestinal mucosal barrier. If the intestinal barrier is
unable to create a barrier for luminal penetration because of shock,
intestinal obstruction or the weakening of the immune system etc,
bacteria is able to pass through the intestinal barrier and reach the
mesenteric lymph nodes and the portal-systemic circulation.4e8
It is known that enteral nutrient with immunonutrients
enriches the mucosal, cellular and hormonal immunity of person.9
In several studies it has been shown that immunonutritions (argi-
nine, glutamine, nucleotides, omega-3 fatty acids and probiotics)
protect or repair the intestinal barrier after systemic defects.6,8,10e13
Dietary nucleotides have been shown to have important effects on
several components of the immune system. They may alter intes-
tinal ﬂora and have been demonstrated to have trophic effects on
the intestinal mucosa in several experimental situations.14,15
In this study, the effects of uracil on bacterial translocationwere
evaluated in an intestinal obstruction rat model by using 99mTc
labeled E. coli.ehalf of Surgical Associates Ltd. All rights reserved.
Table 1
Biodistribution results (cps/g).
Organ CG U1 U2 p
Lung 1013.22  95.8 787.17  38.8 559.54  35.1 0.01
Liver 228.32  80.4 194.74  39.7 160.82  36.0 0.05
Spleen 406.66  26.1 391.11  78.3 343.84  47.2 0.00
MLN 884.92  64.4 577.16  49.7 377.30  18.6 0.02
Blood 498.86  20.5 470.75  11.6 450.50  01.9 0.20
cps/g: cps per gram.
MLN: mesenteric lymph node.
Values represent means for each organ (n ¼ 7).
Control group (CG) with intestinal obstruction and conventional chow diet.
Group U1 with intestinal obstruction and 10 mg/kg/day.
Group U2 with intestinal obstruction and 20 mg/kg/day.
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All animal experiments were approved by the Animal Ethics Committee of
Dokuz Eylul University and performed in accordance with the published guidelines.
Uracil was purchased from Aldrich (Munich Germany). Twenty-one male Albino
Wistar rats (200e250 g) were used in the study. The rats were supplied by Dokuz
Eylul University Faculty of Medicine, Laboratory for Experimental Animals. The
animals were cared for and fed in the laboratory. The rats were randomly divided
into three groups. Na99mTcO4 (Monrol, Istanbul Turkey) was supplied by S¸ifa
Hospital Department of Nuclear Medicine.
2.1. The experimental groups
Control Group (CG) (n [ 7): fed with a standard chow diet for seven days,
underwent intestinal obstruction and inoculation of (18.5 MBq) 99mTc-E. coli.
Group U1 (n[ 7): fed uracil supplemented chow diet (10 mg/kg) for seven days
and underwent intestinal obstruction and inoculation of (18.5 MBq) 99mTc-E. coli.16
Group U2 (n[ 7): fed uracil supplemented chow diet (20 mg/kg) for seven days
and underwent intestinal obstruction and inoculation of (18.5 MBq) 99mTc-E. coli.
When the daily supplemented diets were ﬁnished, the animals were allowed
standard chow ad libitum.6 Water was given ad libitum.2,17,18
2.2. Preparation of the animal diet
Conventional chow diet was powdered and added to uracil and the mixture was
homogenized with water.6 Hence the uracil supplemented diet was made from the
diet’s caloric and protein content the same as in the diet received by control group.
The homogenized diets were divided into small pellets and dried at 45e50 C for 8 h.
2.3. Radiolabeling of E. coli with 99mTc
E. coli (ATCC-10536) was supplied from Microbiology Laboratory of Faculty of
Medicine Ege University. E. coli was labeled with 99mTc using the stannous chloride
reduction method. One milliliter stannous chloride (80 nM) was added to 2 ml of
E. coli (108 CFU/ml) in a tube and was incubated at 37 C for 10 min. Then Na99mTcO4
(37e55 MBq) was added to the tube and left for 10 min. Then the tube was
centrifuged at 3000 rpm for 25 min and the supernatant (100 ml) and re-suspended
precipitate (100 ml) in salina were used to measure radioactivity. The same proce-
dure was repeated three times. Their radioactivity was counted by a Cd(Te) detector
equipped with a RAD 501 single channel analyzer. The labeling efﬁciency of 99mTc
was calculated.19e23
2.4. Surgical creation of intestinal obstruction and bacterial translocation
After seven days, the rats were intraperitoneally anesthetized with xylazine
(5 mg/kg) and ketamine (35 mg/kg) solution and their abdomens were shaved.
Under sterile conditions, a 2 cm midline laparotomy and cecal mobilization were
performed on all the rats. The abdomens were opened using a midline incision. The
terminal ileumwas isolated and ligated.2,7,17,18,24,25 After the operation, 0.1 ml of the
99mTc-E. coli (108 CFU/ml, 18.5 MBq) was injected into the distal ileum. The midline
incisions were closed en bloc with 2-0 silk sutures. The rats were put back to their
cages and allowed to eat after the operation.
2.5. In vivo study
The rats were sacriﬁced under ether anesthesia 24 h later. Their MLNs, lungs,
liver, spleen, blood and ileum were removed, weighed, and their radioactivity was
counted with a Cd(Te) detector equipped with a RAD 501 single channel analyzer.
Bacterial uptake was calculated for every organ as the count per second per gram of
organ/tissue. The terminal ileum was removed for histological analysis. Before
calculating the uptakes, time correctionwas done for each measurement taking into
consideration the half-life of 99mTc.
2.6. Histomorphological analyses
For histological examination, the ileum tissues were removed and ﬁxedwith 10%
formalin in a phosphate buffer for three days. The tissues were processed using
routine histological methods and embedded in parafﬁn blocks. All the histo-
morphological analyses described belowwere performed by two investigators blind
to the rat’s treatment. 6 mm sections were taken using a rotary microtome (Leica RM
2135, Leica Instruments, Nussloch, Germany). The tissue sections were deparafﬁ-
nized, hydrated using a series of xylenes and graded alcohol, stained with hema-
toxylin-eosin, cleared and mounted with entellan. After the staining process was
completed, the sections were examined. The images were analyzed using
a computer assisted image analyzer system consisting of a microscope (Olympus BX-
51 Tokyo, Japan) equipped with a high-resolution video camera (Olympus DP-71,
Japan). All sections were digitally photographed.
Mucosal injury was scored on a scale from 0 to 5 as described by Chiu et al.26
Each section from all images was scored as there being no mucosal damage (0),well-formed villosity, without cell lysis or inﬂammatory process (1), presence of cell
lysis and increased spacing between the villi (2), destruction of the free portion of
the villi, presence of dilated capillaries and inﬂammatory cells (3), structural
destruction of the villi, with only draft of one of them, formed by inﬂammatory cells
and necrotic material, with hemorrhage (4) or destruction of the entire tunica
mucosa, no longer being observed any glandular structure, but only amorphous
material deposited on the submucose tissue (5), and the scores of these lesions were
compared.
2.7. Statistical analysis
Bacterial translocation: statistical analysis among the groups was performed
using the Univariate Variance Analyses and Pearson Correlation. The mean values of
measured radioactivity counts were evaluated statistically. Probability values of
p  0.05 were considered to be signiﬁcant. The analysis was performed using the
program ‘SPSS 16.0’. All histological datawere analyzedwith a one-way ANOVA post
hoc Bonferroni test using SPSS 15.0 for Windows. Results are presented as
mean  S.E.M. and p < 0.05 is considered statistically signiﬁcant.
3. Results
The obtained results indicate that the labeling efﬁcient of
99mTc-E. coli was 98.5  1.5%. Rats appeared healthy and no animal
died during the experiments. The weight gains of animals were
similar in all the groups. Also weight gain was similar between the
two uracil groups (p < 0.05).
The biodistribution results for all groups are presented in
Table 1. As can be seen in Table 1, the ﬁgures for lung, liver, spleen,
MLN and blood in the U1 and U2 groups were lower than for CG.
The uptake values are observed to decrease more in the U2 group
when compared with CG. In addition, the reduction observed
between CG and U2 is far more pronounced than that between CG
and U1. The accumulations in the ileum in U1 and U2 are higher
than in CG (Fig. 1). The low uptake of the organs and high uptake of
the ileum indicate that bacterial translocation decreased in the U1
and U2 rats, which had been fed with the uracil-supplemented diet
(10 and 20 mg/kg uracil respectively). It can clearly be seen that the
bacterial translocation in CG was higher than in the other groups.
Thus, it may be concluded that the degree of reduction in bacterial
translocation might depend on the amount of uracil. Furthermore,
the uptake of 99mTc-E. coli in the ileum provides signiﬁcant
evidence of this.
3.1. Histomorphological results
In the control group intestinal obstruction caused many
destructive changes. In the villous structures it was observed that
there was damage in the mucosa and lamina propria such as
ulceration, hemorrhage, mononuclear cell inﬁltration and increase
in capillary permeability. In addition, intestinal villi were dramat-
ically enlarged and shortened. The animals treated with the uracil
supplemented diet presented preservation of the intestinal tissue
structure. The villus epithelium was preserved, and the only
enlargement present was at the lamina propria (Fig. 2).
Table 2
Statistic results of the groups according to Chui score signiﬁcant.
Chui score CG U1 U2
3.6  0.24a,c 2.16  0.16b 1.33  0.21a
a p < 0.05 compared with the U1 group.
b p < 0.05 compared with the U2 group.
















Fig. 1. The uptake of 99mTc-E. coli in ileum.
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observed between the control group and U1, U2 groups. In the
control group, the ileum score was signiﬁcantly increased in
comparison with the U1 and U2 groups (p < 0.002, p < 0.001,
respectively). At the same time there is difference between U1 and
U2 (p ¼ 1) (Table 2).
In U1 group, the ileum score was signiﬁcantly lower in
comparison with the CG group (p ¼ 0.002) and was signiﬁcantly
higher in comparison with the U2 group (p ¼ 0.003). In U2 group,
the ileum score was signiﬁcantly lower in comparison with the CG
and U1 groups (p < 0.001, p ¼ 0.003, respectively) (Table 2).4. Discussion
In the current study the effects of uracil on bacterial trans-
location were investigated in a rat model with intestinal obstruc-
tion. A microbial culture study was performed in the blood and
organs in order to track the bacterial translocation. 99mTc-E. coli
method was used as well as the microbial culture method when
determining bacterial translocation. 99mTc-E. coli method has
several advantages over themicrobial culturemethod such as being
very fast and simple to apply; also it does not require aseptic
conditions.2,6 99mTc labeled E. coli method was used in this study.
The biodistribution results showed that 99mTc-E. coli passed
from the gastrointestinal tract to the extra-intestinal organs in all
groups. But in U1 and U2, whichwere fedwith uracil supplemented
diet, there was less bacterial translocation as evidenced by the fact
that the uptake of 99mTc-E. coli in MLNs, liver, lung, spleen, blood
and ileum of both groups (U1 and U2) was signiﬁcantly different
from that of CG. 99mTc-E. coli uptake values were higher in theFig. 2. Ileum histology of the CGileums of U1 and U2 than CG. (Fig. 2) Moreover, bacterial trans-
location was found to vary depending on the amount of uracil.
In fact, the transition of 99mTc-E. coli across the intestinal barrier to
the other organs reduced when the amount of uracil was increased.
This is clearly seen in 99mTc-E. coli uptake of U1 with U2. Further-
more, Quirino et al. suggested that arginine also reduced the
bacterial translocation, but the amount of arginine had no effect on
bacterial translocation.6 On the other hand, Batista and colleagues
have investigated the effect of citrulline on bacterial translocation
and found that citrulline decreased bacterial translocation, which
matches our results.22 It is known that there is more than one
mechanism at work in the process of bacterial translocation.
Bacteria and produced harmful microorganisms pass through
endocytosis bymacrophages from intestinal barrier with lymphatic
route to the MLN. In the ﬁrst step bacteria may pass directly to the
lamina propia from the damaged mucosal area to the submucosal
area. In the second step they pass from the submucosal area to
MLN, spleen and lungs through the phagocytosis of macrophages.
The results show that MLN activity values are higher than for blood
in all groups (Table 1). In the current study MLN activities indicate
that the 99mTc-E. coli can be spread by lymphatic paths.3,27 All the
ﬁndings show that uracil was able to reduce the bacterial trans-
location. Oliveria et al. have shown that glutamine reduces bacterial
translocation in an intestinal obstruction rat model.18 Duggan and
colleagues also reviewed that data in animals with glutamine
treatment and showed a decrease in intestinal permeability, as
measured by the ratio of lactulose to mannitol in urine.28
In the literature there are several animal or clinical studies related
to the effects of immunonutrients in reducing bacterial trans-
location.6,8 These studies have demonstrated that amino acids, fatty
acids and nucleotides support the overall immune function, enhance
the mucosal barrier function, and reduce bacterial translocation. The
roles of arginine and nitric oxide in immunity and inﬂammation
were examined in many animal studies. These ﬁndings indicate that
arginine supplemented diets increase mucosal thickness, villous
height and number of villi in the bowel, which in turn reduces
bacterial translocation.8,29 It has been also suggested that enteral
nutrition decreases bacterial translocation, repairs the intestinal
barrier and also regenerates intestinal mucosa.6,10 In fact, arginine is
a precursor for the synthesis of nitric oxide (NO). Large amounts of
NO may kill bacteria, fungus and tumor cells, but may also induce
excessive vasodilatation and nitrosative stress to host tissues. NO
overproduction has been shown to interfere in mitochondrial
respiration and induce apoptosis and necrosis. The mechanism, group U1 and group U2.
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study. Zulﬁkaroglu et al. have explained that enteral immunonu-
trition reduced bacterial translocation in rats with obstructive
jaundice.30 The results of animal and human studies support the fact
that dietary nucleotides are important for the optimal functionality
of several components of the immune system. In addition, nucleo-
tides play an important role in protecting the integrity of the intes-
tinal mucosa and in regulating microﬂora.14,31 In connection with
this, uracil, which is an immunonutrient, might have similar effects,
and so bacterial translocation might be able to be prevented by
a uracil-supplemented diet.
On the other hand, the histological results of the present study
also support the biodistribution results. Fewer histological changes
were observed in the uracil supplemented diet groups. According to
the obtained results, more bacterial translocation was observed in
CG compared to the other groups. At the same time these ﬁnds
showed that uracil was able to reduce bacterial translocation.
Histological data supported the ﬁndings that the bacterial trans-
location decreased in the U1 and U2 groups. It was observed that as
expected a uracil-supplemented diet could help prevent bacterial
translocation by strengthening the intestinal barrier and the
immune system. Furthermore, it was also observed that the
amount of uracil may have a directly proportional effect on bacte-
rial translocation.
Future studies could determine the optimum amount of uracil
and help in understanding the mechanism by which uracil affects
bacterial translocation in the intestinal obstruction model before
moving on from in vivo models to clinical studies.
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